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GAS COLLECTION METHOD AND 
APPARATUS THEREFOR 

FIELD OF THE INVENTION 

The present invention relates to a gas collection method 
and an apparatus capable of selectively singling out and col 
lecting speci?c gases from gas to be processed containing 
plural kinds of gases. More particularly, the present invention 
relates to a gas collection method and an apparatus capable of 
selectively separating and collecting CO2 gas from gas to be 
processed with the use of an ionic liquid. 

BACKGROUND OF THE INVENTION 

As technology for selectively separating and collecting gas 
containing plural kinds of gases or speci?c gases represented 
by a C02 gas, a variety of methods such as, for example, an 
alkanolamine method, a membrane separation method, and a 
chemical absorption method have been already made avail 
able. Recently, from the viewpoint of preventing global 
warming, technologies have been developed for collecting 
and removing CO2 gas effectively from the exhaust gas emit 
ted from facilities such as incinerators, and power plants. 

Although the alkanolamine method (see, for example, 
Japanese Patent Application Laid-Open No. 7-100334) rep 
resented by a scrubber is easy to develop on a large scale, and 
its use has become increasingly widespread, a problem exists 
insofar as there is a substantial loss of energy in the reproduc 
tion of a gas absorption liquid for use, and accordingly the 
quality of the gas absorption liquid deteriorates to a signi? 
cant degree. Further, the membrane separation method gives 
rise to a problem insofar as the membrane is expensive and its 
rate of gas collection is low. Moreover, the chemical absorp 
tion method entails a problem insofar as the absorption mem 
ber made of a material like ceramics deteriorates easily, and 
the service life of the absorption member is correspondingly 
short. 

Accordingly, an object of the present invention is to pro 
vide a gas collection method and an apparatus that is capable 
of collecting speci?c gases from gas to be processed effec 
tively, in a high concentrations with a modest loss of energy, 
a method and an apparatus that can further be applied widely 
to a variety of apparatuses ranging from small to large scales. 

SUMMARY OF THE INVENTION 

The gas collection method of the present invention for 
achieving the above-mentioned object is a gas collection 
method for separating and collecting speci?c gases from gas 
to be processed containing plural kinds of gases, character 
ized by a liquid ?lm that is formed on a surface of a porous 
body in which a hydrophobic layer and a hydrophilic layer are 
formed by means of moving an ionic liquid thereon that has a 
selective absorption capacity of speci?c gases; insofar as the 
speci?c gas in the gas to be processed, it is absorbed into the 
liquid ?lm by bringing pressurized gas to be processed into 
contact with the liquid ?lm; insofar as the use of the difference 
in pressure, the speci?c gas that has been absorbed into the 
liquid ?lm is passed through the porous body and collected at 
a low pressure side; and once the liquid ?lm has ?nished 
moving along the surface of the porous body, it is collected 
and the speci?c gas that has been absorbed into the liquid that 
has been collected is released. 

The gas collection apparatus of the present invention for 
achieving the above-mentioned object is a gas collection 
apparatus for separating and collecting speci?c gas from gas 
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2 
to be processed containing plural kinds of gases, preferably 
includes: a collection apparatus main body supplied with 
pressurized gas to be processed; a porous body having a 
hydrophobic layer and a hydrophilic layer formed on a sur 
face provided in the collection apparatus main body; and an 
ionic liquid supply means for forming a liquid ?lm thereon by 
moving along the surface of the porous body an ionic liquid 
that has a selective absorption capacity of the speci?c gas. 

According to the present invention, the liquid ?lm is 
formed on the surface of the porous body by moving thereon 
an ionic liquid that has a selective absorption capacity of the 
speci?c gas, and speci?c gas in the gas to be processed is 
absorbed into the liquid ?lm by bringing pressurized gas to be 
processed into contact with the liquid ?lm. The speci?c gas 
absorbed into this liquid ?lm is passed through the porous 
body by use of a difference in pressure and collected on a low 
pressure side, and once the liquid ?lm has ?nished moving 
along the surface of the porous body it is collected, and the 
speci?c gas that has been absorbed into the liquid that has 
been collected is released and then collected. By means of a 
combination of the liquid ?lm separation method and the 
physical absorption method the present invention enables the 
speci?c gas to be collected from the gas to be processed 
effectively in high concentrations. Further, because dissolu 
tion of the speci?c gas into the ionic liquid is a physical 
dissolution rather than a chemical dissolution, heating is not 
required for reproduction of the ionic liquid that has absorbed 
the gas. In contrast, because nothing other than releasing the 
pressure is involved, the degree of loss of energy in the course 
of reproduction can be con?rmed to a modest level. More 
over, the porous body is protected from clogging, and effec 
tive gas separation processing becomes possible. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view of the gas collection apparatus 
of the present invention; 

FIG. 2 is an enlarged sectional view of the surface structure 
of a porous body; and 

FIG. 3 is a schematic view of the gas collection apparatus 
used in the embodiment. 

DETAILED DESCRIPTION OF THE INVENTION 

Hereinafter, the preferred embodiment of the present 
invention will be described with reference to the accompany 
ing drawings. 

FIG. 1 is a schematic view of the embodiment of the gas 
collection apparatus of the present invention. This apparatus 
seeks to collect effectively speci?c gases such as carbon 
dioxide, nitrous oxide and methane from exhaust gas contain 
ing a plurality of gases emitted from, for example, an incin 
erator, power plant, particularly CO2 gas. 

In FIG. 1, reference numeral 1 denotes a hollow recovery 
apparatus main body supplied with pressurized gas to be 
processed and reference numeral 2 denotes a porous body that 
is installed within the recovery apparatus main body 1 and 
which is provided to enable speci?c gases within the gas to be 
processed to pass selectively. The porous body 2 is made of an 
inorganic substance such as a ceramic or zeolite, and although 
its con?guration may be either in the shape of a sheet or 
cylindrical, the con?guration shown in the FIG. 1 is of a 
monolithic type in which a plurality of through holes 211 
provided within a cylindrical porous ceramic body. This 
monolithic type of porous body 2 is installed within the recov 
ery apparatus 1 with upper and lower outer peripheries sealed 
with packing 12. The inside of the through hole 211 is the 



US 7,828,880 B2 
3 

higher pressure side, because the pressurized gas to be pro 
cessed is supplied to the inside of the porous body 2 while the 
outer peripheral portions, sandwiched by the packings 12, are 
located on lower pressure side 11. Reference numeral 3 
denotes a supply port of gas to be processed, a supply port 
provided on the bottom portion of the recovery apparatus 1. 
Reference numeral 4 denotes a discharge port provided on the 
top of the recovery apparatus 1. 
As shown in FIG. 2, a hydrophobic layer 611 and a hydro 

philic layer 6b are formed on the inside surface of the porous 
body (on the side of the ?ow passage of the pressurized gas to 
be processed). As the hydrophobic layer 6a, a hydrophobic 
ceramic such as for example, nitride or carbide may be used, 
and as the hydrophilic layer 6b, a hydrophilic ceramic of 
oxide such as alumina, titania, zirconia may be used. 

At the top portion of the porous body 211 Supply means 511 
of an ionic liquid is provided for forming an ionic liquid ?lm 
7 on the surface of the porous body 2. As shown in FIG. 2, 
ionic liquid supplied from the top of the porous body 2 moves 
downward while forming a liquid ?lm on the surface of the 
porous body 2, so as to absorb selectively a speci?c gas within 
gas to be processed. Reference numeral 11 denotes a low 
pressure portion formed on the outer periphery of the porous 
body 2 and reference numeral 10 denotes a C02 collection 
portion separated from the low pressure portion 11 by the 
liquid ?lm 7. 

The ionic liquid used in the present invention is a liquid 
called an ambient temperature molten salt, which is a solvent 
that is different from water or organic solvents. The ionic 
liquid exists in the form ofa liquid in a range of 10-100° C. 
which is the ambient temperature, and the vapor pressure of 
the liquid is zero. The ionic liquid has a capacity of selective 
absorption on a gas/liquid contact face and in a dissolved state 
that is capable of absorbing only a speci?c gas. 
As such for the ionic liquid, salts such as imidazolium salt, 

and pyridinium salt, pyrimidinium salt may be used. For 
example, an imidazolium salt expressed by the chemical for 
mula described below can display a selective absorption per 
formance on CO2 because its anion (PF6i) component is 
close to CO2. If an ionic liquid close to a speci?c gas whose 
anion component is nitrous oxide, methane or the like is 
selected, only that gas can be absorbed selectively from the 
gas to be processed, and thus only that speci?c gas can be 
separated from the gas to be processed containing plural 
gases. Inthe meantime, U.S. Pat. No. 6,579,343 has described 
ionic liquids which can be used and which have a selective 
absorption capacity of C02. 

Chemical formula for imidazolium 

The present invention directs attention to the selective gas 
absorption capacity possessed by an ionic liquid and uses the 
ionic liquid as a medium for separating a speci?c gas. For 
example, because an imidazolium salt can secure a degree of 
dissolution that is about 100 times that of water, an imidazo 
lium salt can enable CO2 with a molar ratio of 0.2 to be 
dissolved physically when it is brought into contact with CO2 
at 10 atm. Thus, a large amount of CO2 can be absorbed by a 
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4 
small amount of imidazolium salt. Although, because con 
ventional gas absorption with an amine solution or the like 
depends on chemical dissolution, a large amount of heating 
energy is required for heating and releasing gas that has been 
absorbed, because an ionic liquid executes dissolution physi 
cally, an ionic liquid can enable absorbed gas to be released 
only for example by releasing the pressure, and loss of energy 
is negligible. 

According to the present invention, by moving ionic liquid 
that has a selective absorption capacity of a speci?c gas along 
the surface of the porous body 2 that has the hydrophobic 
layer 611 and the hydrophilic layer 6b, a liquid ?lm 7 is formed 
and the speci?c gas in the gas to be processed is absorbed into 
the liquid ?lm 7 by the selective absorption capacity of the 
ionic liquid by bringing the pressurized gas to be processed 
into contact with this liquid ?lm 7. 

Next, the speci?c gas that has been absorbed into the liquid 
?lm 7 is induced to pass through the porous body 2 by the use 
of a difference in pressure between the higher pres sure side, in 
which pressurized gas to be processed ?ows to maintain a 
high pressure, and the lower pressure side, which is separated 
by the liquid ?lm 7 and the porous body 2, and collection by 
the collection portion 10. 

In contrast, after the liquid ?lm 7 ?nishes moving along the 
surface of the porous body 2, it is collected by a collection 
portion 5b on the bottom portion and by releasing the pres sure 
to release and collect the speci?c gas the liquid thus collected 
is separated into the gas and liquid by a separator 8. The ionic 
liquid thus collected is then circulated through a feedback 
passage 9 so as to be used for the formation of the liquid ?lm 
7 again. 

According to the present invention, by means of a combi 
nation of the liquid ?lm separation method and the physical 
absorption method, a speci?c gas can be collected effectively 
in high concentrations. In these circumstances, because the 
liquid ?lm 7, is formed in such a way that it moves along the 
surface of the porous body 2, and is ?owing, it always pro 
vides a fresh ?lm condition and is able to separate the speci?c 
gases effectively. Further, any foreign matter, such as dust and 
dirt present in the gas to be processed never adheres to or is 
deposited on pores of the porous body 2 because it continu 
ously ?ows out, and as such, stable liquid ?lm separation 
processing can be secured over a long period of time. 

With regard to the provision on the surface of the porous 
body 2 of the hydrophobic layer 611 and the hydrophilic layer 
6b, a uniformly thin liquid ?lm can be formed because the 
side of the surface that makes contact with the liquid ?lm 7 
has hydrophilic properties and the side that makes contact 
with the porous body 2 blocks the ionic liquid that forms the 
liquid ?lm 7 from passing through the porous body 2 because 
it demonstrates hydrophobic properties. 

In the example illustrated in the drawings, gas to be pro 
cessed is an upward ?ow which ?ows upwards within the 
porous body 2. In contrast, the ionic liquid is supplied from 
the supply portions 511 located on the top portion and as it 
forms the liquid ?lm on the surface of the porous body 2 
becomes a downward ?ow which moves downward by the 
force of gravity. However, the movement of the ionic liquid 
along the surface of the porous body can also be achieved by 
blowing the liquid upwards by a means of the gas to be 
processed. 
The present invention enables a large amount of gas to be 

processed with only a small amount of ionic liquid because 
the liquid ?lm 7 is formed by constantly circulating the ionic 
liquid, thereby leading to a reduction in running costs. 
As evident from the above description, the present inven 

tion uses a combination of the liquid ?lm separation method 
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and the physical absorption method, according to which the 
liquid ?lm is formed on the surface of the porous body by 
moving ionic liquid thereon having a selective absorption 
capacity of speci?c gas, and the speci?c gas in the gas to be 
processed is absorbed into the liquid ?lm by bringing the 
pressurized gas to be processed into contact with the liquid 
?lm. After that, the speci?c gas that has been absorbed into 
the liquid ?lm is passed through the porous body by use of the 
difference in pressure and collected, accordingly, after the 
liquid ?lm ?nishes moving along the surface of the porous 
body, it is also collected. The speci?c gas is then released 
from this collecting liquid and collected. As a result, speci?c 
gas can be collected effectively in high concentrations and 
loss of energy can be limited to a modest level. Further, 
clogging of the porous body can be prevented and stable 
liquid ?lm separation processing can be secured. A further 
advantage is that recovery processing is carried out at a low 
cost because only a modest amount of ionic liquid needs to be 
used and recovered. 

EXAMPLE 

With use of the gas collection apparatus shown in FIG. 3, 
CO2 gas was collected as gas to be processed from exhaust 
gas of a kind that simulated exhaust gas from a power plant 
(CO2 concentration was 15 vol %). Because the con?guration 
of the apparatus is the same as the apparatus shown in FIG. 1, 
except insofar that a ceramic tube was used as the porous body 
2, identical reference numerals have been attached to corre 
sponding portions. In Table 1 are listed factors such as pro 
cessing temperatures, pressures, materials and sizes of porous 
bodies, kind of ionic liquid. Table 1 also sets out recommen 
dations relating to the various conditions listed. 

TABLE 1 

Item Recommended Example 

Temperature 0—80O C. 400 C. 
Pressure 0.1—10 MPa 2 MPa 

(high pressure side) 
Pressure Lower than high 0.1 MPa 
(low pressure side) pressure side 
Type of ionic Liquid Imidazolium salt 1—butyl 3—methyl 

imidazolium hexa— 
?uorophosphate 

Hydrophilic ceramic Oxide (alumina, Ti02 is main 
titania, zirconia) component 

Hydrophobic ceramic Nitride, carbide SiC is main 
component 

Pore diameter of Preferable if ionic 0.1 pm 
ceramic liquid can be maintained 
Thickness ofionic As thin as possible 1 mm 

Ceramic tube 
within an inner 
diameter of 5 
mm and 150 mm 

in length 
0.3 L/minute 

Apparatus size 

Flow rate of ionic 
liquid 
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The concentrations of exhaust gas in (A)-(E) in the Figure 
were as follows. 

(A) gas to be processed: temperature: 40° C., ?ow rate: 5.0 
L/min C02: 0.75 L/min, N2: 4.25 L/min 

(B) ionic liquid: ?ow rate: 0.8 mol/min (0.3 L/min) 
(C) exhaust gas: C02, 0.14 L/min, N2: 4.25 L/min CO2 col 

lection rate: 81.1% 

(D) collected gas (1): C02: 0.2 L/min, N2: 4.1 E-03 L/min 
CO2 concentration: 99.0% 

(E) collected gas (2): 0.2 L/min, N2: 0.0004 L/min CO2 
concentration: 99.8% 

(collected by reducing to 0.1 MPa) 
It was veri?ed that although N2 concentrations of gas to be 

processed (A) and exhaust gas (C) were both 4.25 L/min, the 
CO2 concentration of the gas to be processed (A) was 0.75 
L/min while that of the exhaust gas (C) was 0.14 L/min and 
that N2 gas was not absorbed but only CO2 gas selectively 
absorbed. As for the CO2 gas, it was veri?ed that this gas 
could be collected effectively in high concentrations with the 
CO2 gas concentration collected by the liquid ?lm separation 
of the porous body at 0.41 L/min (see (D) collected gas (1)), 
and additionally by the physical absorption of the gas at 0.2 
L/min (see (E) collected gas (2)). 

The invention claimed is: 
1. A gas collection method for separating and collecting a 

speci?c gas from gas to be processed containing plural kinds 
of gases, wherein a liquid ?lm is formed on a surface of a 
porous body in which a hydrophobic layer and a hydrophilic 
layer are formed, by moving on the surface of the porous body 
an ionic liquid having a selective absorption capacity of spe 
ci?c gas; the speci?c gas in the gas to be processed is absorbed 
into the liquid ?lm by bringing pressurized gas to be pro 
cessed into contact with the liquid ?lm; the speci?c gas 
absorbed into the liquid ?lm is passed through the porous 
body by use of a difference in pressure and collected on a low 
pressure side; and after the liquid ?lm has ?nished moving 
along the surface of the porous body it is collected and the 
speci?c gas contained in the liquid that has been collected is 
released. 

2. The gas collection method according to claim 1 wherein 
the ionic liquid obtained by releasing the speci?c gas from the 
liquid that has been collected is circulated so as to form a 
liquid ?lm once again. 

3. The gas collection method according to claim 1 wherein 
as the hydrophobic layer and the hydrophilic layer, a side 
making contact with the liquid ?lm indicates a hydrophilic 
property and a side making contact with the porous body 
indicates a hydrophobic property. 

4. The gas collection method according to claim 1 wherein 
the speci?c gas is CO2 gas. 

5. The gas collection method according to claim 1 wherein 
the ionic liquid is an imidazolium salt. 
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